Background-It has been demonstrated recently that carotid stenting can be performed safely in patients Ն80 years of age.
C arotid stenting (CS) is increasingly performed as a method of carotid revascularization. Previous randomized trials demonstrate that revascularization with carotid endarterectomy (CEA) reduces stroke risk in both symptomatic and asymptomatic patients. [1] [2] [3] [4] Stenting has been shown to be noninferior compared with CEA in high-surgical-risk patients, 5 with clinical equipoise maintained at 3 years. 6 
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Several studies have demonstrated that increasing age is an important predictor of complications associated with CS. The Carotid Revascularization Endarterectomy Versus Stent Trial (CREST) lead-in phase showed that octogenarians had a markedly elevated 30-day periprocedural stroke or death rate of 12.1% versus 3.2% in nonoctogenarians, which was not influenced by symptom status, lesion severity, or use of distal embolic protection devices. 7 A large German registry showed that the in-hospital event rate in octogenarians was 5.5% compared with 3.2% in younger patients (Pϭ0.03). 8 Other single-center studies and postmarketing registries have also reported increased risk of adverse events in this group of patients. 9 -12 More recent reports suggest that CS can be performed in octogenarians with low complication rates between 2.1% and 3.4%. [13] [14] [15] In 1 single-center registry, CS performed by experienced operators in carefully selected patients resulted in low periprocedural event rates. 15 The outcomes were within the American Heart Association guidelines for stroke prevention through carotid revascularization for both symptomatic and asymptomatic patients. 16, 17 Low periprocedural event rates notwithstanding, it remains uncertain whether elderly patients, particularly those with asymptomatic disease, will benefit from CS. In addition to periprocedural risks, longevity after revascularization is an important consideration. Symptomatic patients derive benefit from carotid revascularization within 2 years, with those Ն75 years of age having the greatest risk reduction. 1, 18 In the Asymptomatic Carotid Atherosclerosis Study (ACAS) and Asymptomatic Carotid Surgery Trial (ACST), a lifespan of 5 years was required to derive benefit in asymptomatic patients. 2, 4 With an aging population, 19 it is likely that the proportion of elderly patients considered for revascularization will rise. 20 Data from the US National Vital Statistics Report show that the average 80-and 90-year-olds have life expectancies of 9.1 and 5.0 years, respectively. 21 Elderly patients undergoing CS, however, may not represent the "average" elderly patient. No data on survival after CS in elderly patients are available.
The aims of this study were to assess the survival of selected elderly (Ն80 years of age) patients after CS and to determine whether certain clinical variables could predict mortality, thus enabling better selection of these patients for CS.
Methods

Patient Population
From July 2003 through October 2007, 142 consecutive patients Ն80 years of age who underwent CS (153 procedures) were included. Patients were considered candidates for revascularization if they had symptomatic Ն50% diameter stenosis or asymptomatic stenosis Ն70%. Criteria for case selection have been published elsewhere. 15, 22 In brief, patients with any one of the following were excluded: reduced cerebral reserve, excessive vascular tortuosity, and heavy concentric lesion calcification. The definitions of reduced cerebral reserve, excessive vascular tortuosity, and heavy concentric lesion calcification and the CS protocol and procedural technique have been detailed previously. 15 
Data Collection
All demographic and in-hospital outcome data were collected prospectively into a database. Subsequent outcome and mortality data were obtained from reviews of hospital records, outside records, telephone surveys, and the Social Security database. The majority (128 procedures) were part of carotid stent investigational device exemption studies for high or normal CEA risk or Food and Drug Administration-approved postmarket surveillance studies. The remainder (25 procedures) were performed outside of trials. All procedures were performed at least 6 months previously (range, 6 to 57 months).
Definitions
Major stroke was defined as new neurological deficit that persisted at 30 days and that changed the National Institutes of Health Stroke Scale by Ն4. Minor stroke was defined as new neurological deficit that either resolved completely within 30 days or increased the National Institutes of Health Stroke Scale by Յ3. Prestent and poststent carotid artery stenoses were determined according to the North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria. 1 Fatal stroke was defined as death resulting from either ischemic or hemorrhagic stroke.
Ethics Approval
The study was approved by our hospital's institutional review board.
Statistical Analysis
Categorical variables were compared by use of 2 or Fischer's exact test. Continuous variables were reported as meanϮSD. The KaplanMeier survival analysis was used to estimate the unadjusted survival rate. The 3-year survival rate is presented because the number of patients at 4 years was small. Cox proportional-hazards regression analysis was used to model the time to death data to identify possible predictors of mortality. The first step was selection of the variables using univariate analysis. PՅ0.1 was used as a cutoff value for variable selection so that no potentially important predictors would be missed. The final fitted model was constructed using backward stepwise Cox regression. Statistical significance remained the conventionally defined PՅ0.05 in the univariate and multivariate models.
Variables examined were age (as a continuous variable), sex, symptom status, presence of diabetes mellitus, hypertension or dyslipidemia, presence of coronary artery disease, previous percutaneous coronary intervention, previous coronary artery bypass graft surgery, smoking history, previous remote (Ն6 months) neurological (stroke or transient ischemic attack) history, previous CEA, calculated creatinine clearance level, and hemoglobin level. For the 11 patients who had bilateral procedures, the index procedure was used to construct the Kaplan-Meier survival graph and to perform Cox regression analysis. Statistical analyses were performed with SPSS version 16.0.2 (SPSS, Chicago, Ill).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
One hundred forty-two patients Ն80 years of age underwent 153 CS procedures. Of the 142 patients, 39 (28%) had symptomatic stenoses, and 103 (72%) were asymptomatic. The mean age was 83.3Ϯ3.1 years. The clinical characteristics are shown in Table 1 . Survival data were available for all patients, and the mean survival duration was 29.3Ϯ15.1 months. Neurological outcomes were complete at 6 months in 98.6%. At 1 year, 129 patients were available for analysis (at least 1 year of postprocedure follow-up), with neurological outcomes available in 93.8%. 
Periprocedural Outcomes
Among the 153 procedures, 5 events (1 death, 2 major strokes, 2 minor strokes) occurred, resulting in an overall 30-day stroke or death rate of 3.3% (5.1% in the symptomatic group, 2.6% in asymptomatic patients). No patient suffered a myocardial infarction or intracranial hemorrhage. The 30-day major stroke or death rate was 2% (Table 2) . 15 
Clinical Outcomes at 6 Months and 1 Year
At 6 months, 134 of 142 patients (94.4%) were alive, including the 4 patients who experienced periprocedural strokes. Eight deaths had occurred (5.6%), including the single periprocedural death. Among the 134 patients who were alive, 133 (99.2%) did not suffer any additional stroke; the neurological status of the remaining patient could not be determined. Four of the deaths (50%) were due to cardiac causes; 1 was caused by malignancy; 1 was a "nonstroke" death; and the cause could not be determined for 1 (Table 3) .
At 1 year, the Kaplan-Meier estimate of survival was 90% (including the 4 patients who experienced periprocedural strokes). Among the 129 patients with at least 1 year of postprocedure follow-up, 15 deaths occurred, including the periprocedural death. Of the 114 surviving patients, 110 (96.5%) were free from any stroke; the neurological status of the remaining 4 could not be determined. Six of the deaths (40%) were due to cardiac causes; 1 resulted from stroke; 1 was caused by malignancy; 2 were nonstroke deaths; and the cause could not be determined for 4 (Table 3) .
Survival Analyses
Throughout the study period, 31 patients died, 23 and 8 in the asymptomatic and symptomatic groups, respectively (Pϭ1.0). The causes of death were available for 18. Seven deaths were due to cardiac causes; 5 were the result of malignancy; 4 were nonstroke deaths; and 2 were fatal strokes (including the periprocedural fatal stroke). Cause of death could not be determined in the remaining 13 patients. For the entire cohort, survival at 36 months was estimated to be 76% (85% at 2 years) (the Figure) . Thus, the average mortality rate in the overall cohort was 8.7% per year.
Predictors of Mortality
Using Cox regression analysis, we identified 3 significant clinical variables as independent predictors of mortality in these elderly patients after CS ( 
Discussion
Previous studies have documented a significantly increased rate of adverse events during CS in octogenarians. [7] [8] [9] [10] 23 Recent reports have suggested, however, that in selected patients Ն80 years of age, CS can be performed with periprocedural event rates within the American Heart Association guidelines. 14, 15 The question remains whether these elderly patients will benefit from carotid revascularization because of the possibility that survival may not be of sufficient duration, especially in asymptomatic patients. The NASCET trial initially excluded patients Ն80 years of age, 1, 18 and the ACST trial concluded that patients Ն75 years of age were unlikely to derive benefit because mortality was 50% within 5 years. 4 Despite these findings, CS is increasingly performed in this group of patients as a result of an aging population without clear data on survival after CS.
This study shows a 3-year survival estimate of 76%. The average mortality rate of Ϸ8%/y is similar to the recently reported long-term results of the Stenting and Angioplasty With Protection in Patients at High Risk for Endarterectomy (SAPPHIRE) trial 6 and a study examining long-term outcomes of CEA in patients Ն75 years of age. 24 One CEA study showed, however, that elderly patients had an 81% survival at 4 years, similar to that of younger patients. 20 This difference may be related to referral patterns for CEA (those deemed unfit were less likely to have been referred by their primary care physicians for CEA) and appropriate patient selection on the surgeons' part.
This study shows that CS can be considered in most elderly patients because a high proportion of elderly patients survived 2 and 3 years (85% and 76%, respectively). However, greater caution should perhaps be exercised in asymptomatic elderly patients because previous studies demonstrate that a longer postprocedure survival duration is required to achieve benefit. 2, 4 This result differs from the ACST trial, which concluded that no benefit was achieved in those Ն75 years of age because of the 50% mortality within 5 years. 4 Combined with the possibility that the timing of benefit for both symptomatic and asymptomatic patients Ն80 years of age may be shorter because it is known that stroke rates increase with age 25, 26 and the fact that the ACAS trial showed significant reduction in ipsilateral stroke and perioperative stroke or death even at 3 years (although of lesser magnitude), 2 the benefit-to-risk ratio may now favor carotid revascularization. Extreme caution is imperative, however, if CS is to be considered in the asymptomatic elderly subgroup.
It must be emphasized that these statements hold true only if the periprocedural event rates are within American Heart Association guidelines. Any benefit may be completely eliminated if the periprocedural event rates are higher. Thus, centers or operators who choose to perform CS in this population must first demonstrate an ability to meet or exceed the guideline standards. Only when that is achieved can the focus shift to selecting such patients to optimize likelihood of survival to accrue the greatest benefit.
Cox regression analysis identified 3 clinical variables that were predictors of mortality for the entire group. Previous remote stroke or TIA and smoking status (current or exsmoker) were the strongest predictors, with HRs of 2.99 and 2.6, respectively. Patients with remote (Ն6 months) stroke or TIA have more advanced vascular disease, and smoking is a known cause of increased mortality even in the general population. That remote stroke or TIA is a predictor of mortality is a new and interesting finding that requires further study because these patients may also be the ones who may benefit from carotid revascularization. The only laboratory parameter found to predict mortality was the preprocedural creatinine clearance level (each 1-ml/min decrease increasing the risk of mortality by 3%), with a strong trend toward significance for preprocedural hemoglobin level (each 1-g/dL decrease increasing the risk of mortality by 25%). Creatinine clearance closely reflects renal function, which is well known to affect mortality. When the asymptomatic patients were considered separately, 4 clinical predictors were found. Smoking status remained significant, and hemoglobin level achieved significance. Most likely, hemoglobin level is a sensitive marker of underlying chronic disease, including occult malignancy and chronic heart disease, which is likely to contribute to increased mortality in these patients. 27 In addition, previous CEA (ipsilateral or bilateral) and age were found to be significant predictors in this subgroup, with previous CEA increasing mortality risk by 3.6-fold and each increasing year of age increasing mortality risk by 19%. Previous CEA may be a marker for both advanced vascular disease and previous neurological symptoms.
Considering both analyses, the single most consistent variable was smoking. Future decisions on whether to perform CS in these elderly patients should consider not only case selection to optimize periprocedural outcome but also patient selection using these variables to maximize likelihood of survival.
Although not the primary aim of this study, the 6-month and 1-year data provide some information on short-term neurological outcomes. Ninety-five percent of patients were alive at 6 months, with 99% free of any intervening neurological events (neurological status was unavailable in the remaining 1 patient). At 1 year, freedom from stroke was 97% in those who were alive (neurological status was unavailable in the remaining 4 patients); 1 fatal stroke had occurred at 1 year, along with 4 undetermined causes of death. These data suggest that after the periprocedural period, these elderly patients experience high rates of freedom from stroke. These findings are concordant with a previous large registry that demonstrated 99% freedom from all fatal and nonfatal ipsilateral stroke at 3 years in those who survived the initial periprocedural period. 23 Just as the major CEA trials carefully selected lowsurgical-risk patients treated by experienced surgeons, the same should now be applied to CS. Patients selected should be at low stent risk; elderly patients should also be at low risk of short-term mortality.
Because this study is a retrospective, single-center registry of highly selected elderly patients undergoing CS, the results may not be generalizable to elderly patients who were not initially selected with the clinical and anatomic criteria used to exclude those at high stent risk. Another limitation of this study is that 72% of patients were asymptomatic; the need for revascularization in asymptomatic elderly patients is still being debated. However, this study was not performed to assess the benefit of CS in this group, and the proportion of asymptomatic patients is similar to those in the SAPPHIRE and the Boston Scientific EPI: A Carotid Stenting Trial for High-Risk Surgical Patients (BEACH) trials 5, 6, 28 and to current practice patterns of CEA. 29 The relatively small number of patients limited the accuracy and ability to analyze subgroups. This study also could not provide midterm clinical outcome data because clinical follow-up beyond 1 year was limited. Future studies with larger numbers of patients Ն80 years of age with longer periods of follow-up are required to determine survival after CS more conclusively, to validate the predictors of mortality found in this study, and to further identify variables that will predict mortality. In addition, mortality data were obtained through hospital records, outside records, telephone surveys, and the Social Security database. These data are accurate but do not provide cause of death in many patients.
This study cannot advocate the long-term advantage of CS in these elderly patients because no comparative group exists with medical therapy or CEA. It only demonstrates that with appropriate selection, the majority of elderly patients experience sufficient survival duration to derive potential benefit from the procedure. In particular, these data cannot address the long-term outcomes or prevention of stroke in asymptomatic carotid stenosis. This will have to await data of ongoing randomized trials such as CREST.
Conclusions
This study demonstrates that in this population of elderly patients selected for CS, a high proportion (85%) survived for 2 years and Ͼ75% survived for 3 years after the procedure. Thus, CS may be considered a revascularization option in most elderly patients. Better selection of patients using the predictors of mortality identified may help to reduce unwarranted procedures and to optimize the likelihood of survival. Prospective randomized trials comparing stenting with endarterectomy and medical therapy are required to validate the role of CS in the elderly.
